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Abstract Elastic and plastic deformation behaviors of the high purity aluminum and the silica glass were
studied using nanoindentation and finite element analysis(FEA) techniques. Berkovich- and cone-type
indenters were used for the nanoindentation test. Deformation behaviors and nanocindent profiles of elastic,
elastic-plastic or plastic materials were clearly visualized by FEA simulation. Effects of the penetration depth
and strain hardening on the deformation behavior were examined. Pile-up and sink-in behaviors were studied
by using FEA technique. Degree of pile-up or sink-in was found to be a function of the ratio of elastic modulus
to yield strength of materials. FEA was found to be an effective method to study deformation behaviors of
materials under nanoindentation, especially in the case when pile-up or sink-in phenomena occurred.
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Table 1. Mechanical properties of materials used for finite
element analysis.
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Fig. 3. AFM images recorded from indented (a) silica glass, and (b) aluminum under a small load, and (c) silica glass, and (d)
aluminum under a tiny load. Load-displacement curves of (¢) silica glass and (f) aluminum, under a small load, and (g) silica

glass and (h) aluminum under a tiny load.
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Fig. 4. Comparison of the experimental data with the finite
element analysis results for nanoindentation of (a) silica, and
(b) aluminum up to a depth of 200 nm.
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Fig. 5. Comparison of experimental data with finite element
analysis results for nanoindentation of aluminum up to a depth
of (a) 640 nm or (b) 1000 nm.
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Fig. 6. The results from the three-dimensional finite element analysis for (1) perfectly elastic materials, (2) elastic-plastic materials,
and (3) perfectly plastic material. Each case shows (a) load-displacement curve, and (b)-(¢) indent profiles at (b) 50% and (c)
100% loading, and (d) 50%, and (e¢) 100% unloading.
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Fig. 7. Load-displacement curves for nanoindentation test with various penetration depths, obtained from experiments in (a)
aluminum, and (b) silica glass, and from finite element analysis in (¢) aluminum, and (d) silica glass.
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Fig. 10. Degree of pile-up or sink-in of materials as a function
of E/Y ratio (a) when Y is a variable with fixed E, and (b)
when E is a variable with fixed Y. The data are obtained from
finite element analysis.
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